that FCeRII3 is a major gene for atopy, with a strong bias towards maternal inheritance,7 these findings have not been confirmed by all other studies.69 More recently claims have also been made that interleukin 4 (IL-4) or a closely linked gene on chromosome 5q regulates IgE production in a nonantigen specific (non-cognate) fashion.'0 These exciting findings are currently under investigation in many laboratories. In addition to genes that control the overall level of expression of the atopic phenotype, however, important genetic influences are exerted over the recognition of allergenic antigens and the subsequent propagation of the immune response involving T Centro m erel+ Chromosome 6 B1lA1 B1 A1 Number of allelic variants currently described is derived from Bodmer et al. 14 ( Modified from Thorsby and In both class I and class II molecules the extensive molecular polymorphism is almost entirely confined to the peptide binding groove of each moelcule"' 2 and this polymorphism determines which antigen-derived peptides may be bound and presented to T cells via their T cell receptors which, in the presence of appropriate co-stimulatory signals, leads to activation of those T cells recognising the HLA-peptide complex. Because ofthe pivotal role of HLA class II molecules in particular in regulating the immune response, combined with their extensive polymorphism, it is not surprising that particular HLA class II alleles have been implicated in susceptibility to a wide range of diseases known to have an immunological basis. Atopic allergy is no exception and the most probable role of the interaction between the HLA-peptide complex and T cell receptors in setting up the allergic reaction is shown in fig 2. Initial immunogenetic studies of the possible role of HIA class II polymorphism in atopy, dating from the early 1980s onwards, concentrated on pollen allergens, and it has been clearly shown that increased IgE production to ragweed (Artemisia artemisiifolia) pollen allergens Amb a V, Amb t V, Amb p V, and Amb a VI occurs in individuals expressing DRB 1 * 1501 (DR2)-associated haplotypes'5-18 (the World Health Organisation HLA nomenclature committee now specifies a four number code to define each allele ofeach HLA locus at the DNA level, with two number codes defining the previous, lower resolution serological equivalents). Further studies have established population associations between DRB 1 *03 and DRB 1 * 11 alleles and immune responses to rye grass (Lolium perenne)
antigens.O920 In addition, it has now been established that products of the HLA-DRB1, DRB3, and DRB5 genes are able to restrict the recognition of house dust mite and IgE responsiveness to the house dust mite allergen Der p I, plus a negative association between DRB 1*11 and IgE antibodies to Bet v I in Swedish and Bulgarian populations.
Thus, the 11th International Histocompatibility Workshop and similar more limited studies have shown that, while there is still considerable uncertainty over the exact nature of particular HLA class II associations with specific IgE responsiveness to defined allergens (the DRB1*15 association with antibody response to Amb a V is still the only consistent association seen in several studies), such associations do indeed occur. The goal of future studies is to establish definitively the exact nature and relative significance of these HLA genetic contributions to cognate IgE response to allergen, and then to determine the relative genetic contribution to both cognate and non-cognate IgE response in allergy. To achieve the first of these aims two new approaches will be required. Firstly, it will be necessary to move on from population based studies of unrelated atopic individuals to family based analyses which permit additional valuable sib-pair tests for genetic linkage to be performed. Secondly, the advent of comprehensive DNAbased techniques for HLA class II DR, DQ, and DP typing should now permit full molecular characterisation of segregating HLA class II haplotypes in the families concerned. 27 One recent family based study shows the value of this approach. 28 In this study of 431 British caucasian subjects in 77 nuclear and seven extended families recruited through allergy or asthma clinics, HLA-DRB 1 and DPB 1 genotype frequencies were determined by polymerase chain reaction (PCR) based DNA typing and specific IgE responses to Der p I and Der p II (from the house dust mite), Alt a I, Can f I (from the dog), Fel d I and Phl p V (from the timothy grass, Phleum pratense). The results showed a number of weak associations between HLA-DRB 1 alleles and IgE responses to the test allergens, of which the strongest association was between DRB1*01 and Fel d I responsiveness. This association was also supported by excess sharing of the HLA haplotype concerned in affected sibling pairs, as was the association between IgE responsiveness to Alt a I and DRB 1 *04, demonstrating the advantage of studying multicase families in HLA and disease association studies. Logistical regression analyses to control for reactions to more than one allergen also showed that an apparent association betewen IgE response to Phl p V and DRB1 *04 was due to sociations may, in fact, be with a DQA1 or DQB1 allele or allele combination. Finally, in the British study no associations were found between IgE response to Der p I and any DRB 1 or DPB 1 allele. However, in the Workshop associations with DRB1*04 and DRB1*03 were seen in Swedish and Italian subjects respectively, as outlined above, although no associations were seen in US caucasian subjects. HLA-DPB 1 associations were not examined in the Workshop but the possible role of DPB 1 alleles in IgE responsiveness to Der p I has been a matter of debate since a negative association between DPB1*0401 and allergic asthma was reported in a Colombian mulatto study population. 29 This association has been substantiated by the finding that a component of the T cell repertoire reactive with Dermatophagoides spp determinants in atopic individuals is HLA-DP restricted,30 while DPB1*0401 is negatively associated with both aspirin tolerant and intolerant asthma in German and British subjects.3'
The role of particular HLA class II alleles in IgE responsiveness to Derp I determinants and the identification of HLA associated Der p I epitopes is currently the object of much study in several laboratories worldwide. In addition, the primary aim of the 12th International Histocompatibility Workshop now underway is to undertake a systematic analysis of the HLA immunogenetics of atopic house dust mite allergy using family based studies in several population groups. This proposed Workshop is thus a worthy successor to the 11th Workshop, building on its strengths and the valuable network of clinical and laboratory teams established, but with the added benefits ofbeing more focused, using family rather than population studies, and making full use permit the most precise association between HLA class II marker and specific IgE response to be identified, thus confounding the effects of linkage disequilibrium (preferential associations between alleles of different loci) which is such a frustrating feature of HLA disease studies. Additional studies will focus on studies of T cell markers, including T cell receptor (TcR) variable (V) gene repertoire, and polymorphism of other "candidate" genetic markers, including those genes already implicated on chromosomes 5q and 11 q. The Workshop will be completed by June 1996 and this comprehensive approach should clearly define the precise nature and relative significance of the HLA class II genetic contribution to house dust mite allergy in a number of diverse ethnic groups. By combining studies of HLA class II genes and other "candidate" genetic markers it will also be possible to dissect the relative genetic contributions to both cognate and noncognate IgE responses in this particular allergy.
Finally, given that a number of positive and negative associations between particular HLA class II alleles and specific (cognate) IgE responses to allergens have now been established and are being characterised more accurately in ongoing studies, by what mechanisms may these HIA class II genetic associations with atopic allergy be operating? Positive associations between specific IgE responsiveness and HLA class II alleles are consistent with the concept of strong CD4+ helper T cell (Th2) responses to immunodominant.regions of processed allergenic antigen, regulating IgE-mediated hypersensitive responses (fig 2) . Negative HLA class II associations may reflect weak processed antigen presentation by the expressed class II molecule in question, lack of T cell recognition or responsiveness, or more controversially, recognition by "suppressor" T cells. However, a third possible mechanism should not be ruled out, namely that the HLA haplotype of an individual influences the expressed T cell repertoire of that individual during thymic development, thus selecting for or deleting potential HLA plus allergen peptidereactive T cells. In fact, there is now an increasing body of evidence that the T cell repertoire (as measured by TcR 0 chain V gene family usage) of an individual is indeed influenced by HIA haplotype, while skewing of the expressed TcR repertoire within the CD4 and CD8 T cell subsets may result from interaction of these subsets with HLA class II and I molecules, respectively, during development.32 However, the degree and significance of these HLA-mediated effects on TcR repertoire in T cellmediated diseases remains controversial.
In 
